Numerous reports have been published on various causes of bovine abortion, many of which are a compilation of diagnoses made for fetuses submitted to veterinary diagnostic laboratories. 1, [3] [4] [5] [6] Results of these reports have been used to justify and formulate research priorities, vaccination strategies, and other programs aimed at reducing fetal wastage and in veterinary medical instruction. Conclusions as to relative importance of abortifacients identified from submissions to diagnostic laboratories may be biased if the sample of fetuses is not representative of the general population of aborted fetuses.
One type of bias is the selection bias that would exist if fetuses submitted to diagnostic laboratories tended to be either younger or older than fetuses that aborted in the general population. As a consequence of such a bias, an inappropriately large amount of emphasis or weight would be placed on the diagnoses made among overrepresented fetuses. Similarly, the importance of diagnoses made among underrepresented age groups would appear disproportionately low.
the CVDLWT for necropsy between January 1, 1985, and December 31, 1990 . Fetal age was estimated to the nearest month using recorded crown-rump measurements. Fetal age at death was estimated for all abortions diagnosed during the same period on 5 dairies that were within a 32-km radius of the CVDLST and that participated in an abortion surveillance program. 8 Management and health status of the dairies were typical of that found on dairies in the southern San Joaquin Valley of California. Age at fetal death was estimated using information on uterine size and involution and dates of estrus, reconception, and palpation to diagnose pregnancy, as described elsewhere. [8] [9] [10] The Kolmogorov-Smirnov test was used to determine if a difference existed between the observed proportional age distribution of aborted fetuses (P p ) on the dairies and that of submitted fetuses (P L ). Calculations were performed using a statistics software program. a Differences between the distributions were interpreted to reflect the magnitude of over-or underrepresentation of fetuses submitted to the laboratory. The purpose of the present study was to compare the age distribution of fetuses submitted to a veterinary diagnostic laboratory with that of a sample of fetuses representing a population that was aborted on dairies serviced by the laboratory and to determine if a selection bias was present. An example is presented to illustrate how selection bias could alter the perceived importance of bovine protozoa1 abortion (BPA) caused by the putative Neospora-like agent.
The general approach taken was to compare the age distribution of a sample of fetuses submitted to the Tulare branch of the California Veterinary Diagnostic Laboratory System (CVDLST) with the age distribution of a sample of nonretrieved fetuses aborted from cows in herds located near the CVDLWT.
A standardized age-specific frequency distribution for all submitted fetuses (N' L ) was estimated as the age-specific proportion of fetuses in the population (P P ) multiplied by the total number of fetuses submitted during the period. The standardized distribution was the fetal age distribution that would have been observed had the age distribution of submitted fetuses represented the age distribution of aborted fetuses in the population.
Records were obtained for dairy cow fetuses submitted to
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The effect of selection bias on the perceived importance of an abortifacient was assessed using records of fetuses for which BPA had been diagnosed during the same period. A positive immunoperoxidase test result, derived using methods described elsewhere, 2 was interpreted to indicate the fetus had been infected with the putative Neospora-like agent of BPA. The total number of submitted fetuses with BPA was compared with the sum of the standardized age-specific frequency of BPA cases (N' BPA ) that would have been diagnosed if the age distribution of submitted fetuses represented that of fetuses aborted on the dairies. The N' BPA was calculated as the proportion of BPA cases diagnosed in each fetal age group (P BPA ) multiplied by the respective standardized frequency of submitted fetuses (N' L ). A standardized proportion of BPA cases was obtained by dividing the sum of the agespecific standardized frequency distributions of BPA submissions by the total number of fetus submissions.
Between January 1, 1985, and December 31, 1990, 744 fetuses were submitted to the CVDLWT and examined for BPA, and 4,031 abortions were diagnosed on the 5 dairies. Compared with the estimated age distribution of fetuses that aborted in the general population, the age distribution of submissions to the CVDLST was heavily overrepresented by fetuses > 5 months of age and underrepresented by fetuses < 4 months of age (Table 1, Fig. 1 ). The extent of the selection bias is illustrated as the discrepancy between the 2 age dis- tributions (P P -P L ). The most extreme discrepancies were for 3-and 7-month-old fetuses; there was a 19.7% underrepresentation of 3-month-old submitted fetuses and a 21.5% overrepresentation of 7-month-old submitted fetuses. The result of the Kolmogorov-Smirnov test (DN = 0.857 14) indicated that the 2 age distributions were different (P = 0.0 12).
The standardized proportion of BPA was 34.1% (253.61/ 744) compared with the observed rate of 29.7% (221/744) for sample submissions (Table 2) . Because no BPA diagnoses were made for 2-month-old fetuses, data for the 2-and 3-month age groups were combined, resulting in a standardized proportion of BPA of 35.8% (266.34/744). The estimate Table 2 . Expected standardized age-specific frequency distribution of submitted fetuses and observed standardized distribution of abortions associated with BPA. of the proportion of BPA-associated abortions was negatively biased by 6.1% (29.7% -35.8%) in laboratory submissions, i.e., the proportion of submitted fetuses for which BPA had been diagnosed was underestimated by 6.1%.
Results of the present study suggest in general that considerable bias could be present in disease prevalence estimates derived from submissions to diagnostic laboratories. Specifically, caution is indicated in interpreting prevalence of diseases associated with abortion. A likely consequence of a disproportionately high number of older fetuses submitted to the laboratory, compared with the age distribution of fetuses aborted on local dairies, would be underestimation of prevalence and significance of abortifacients that contribute to early fetal death, such as Tritrichomonas foetus, Campylobacter fetus ssp. venerealis, and bovine viral diarrhea virus. 4 The fact that the age distribution of fetuses submitted to the laboratory was different from that of fetuses aborted on the dairies indicates that the sample of fetuses submitted to the laboratory was not representative of the population of aborted fetuses.
One possible explanation for the results could involve the method of estimating age at death of fetuses on the dairies. If fetal age at abortion was consistently underestimated, then the unequal age distributions observed would be expected. However, if there was a consistent error in estimating fetal age at abortion in the dairies sampled, estimates were probably too high, rather than too low. An overestimation of fetal age would be consistent with the way abortion dates were estimated on dairies. The practice on dairies was to assume a cow was rebred by a bull within 21 days after abortion rather than a more realistic longer period that allowed for uterine involution. Underestimation of the period between abortion and a new conception would result in an overestimation of the fetal age at abortion.
The extent of bias in estimating disease-specific prevalence could depend on pathogenesis and age predisposition of the disease. The bias for BPA, which appears mainly in mid to late gestation, was about -6%, indicating the laboratoryderived prevalence of BPA was underestimated by only 6%. An additional bias, however, could have contributed further to underestimation of the BPA rate. The lower proportional rate of BPA in 2-3-month-old fetuses may not be a reflection of low infection rates in that age of fetus, rather the low rate may represent a difficulty in making a histologic diagnosis in fetuses that fail to mount a detectable inflammatory response. 7 Sampling procedures available to reduce bias would not be expected to address bias of the type described here. Prerequisite to obtaining an unbiased sample is knowledge of the underlying age-specific rate of fetal loss in the population. With the rare exception of having estimates available from a survey of the population, as was the case in the present study. information on the age-specific rates in the population is not available. A second reason an unbiased sample is unlikely is that even if the underlying age-specific rates were known the probability of obtaining representative samples from all age groups would be low. That is, large old aborted fetuses would be more readily obtained than small young fetuses.
The most likely reason for the selection bias described in the present study is that early abortions simply were not observed; small fetuses were not easily seen and were more easily removed by scavengers than were large fetuses. In addition, historically low diagnostic success rates for firsttrimester abortions may have discouraged submissions. Evidence of a selection bias in laboratory submissions suggests caution in extrapolating diagnostic laboratory results to causes of disease in the general population.
